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TAHK TESTS OE MODELS OF FLOATS FOR SI1TG-LE-FLOAT 



SEAPLANES - FIRST SERIES 



By J. 3. Parkinson 



SUMMARY 



Large models of the Mark V and Hark VI floats used by 
the Bureau of Aeronautics, Navy Department, for single- 
float seaplanes (H.A.C.A. models 41-A and 41- B, respec- 
tively) were tested in the N.A.C.A. tank to provide gen- 
eral test data for typical single floats and a "basis for 
possible improvements of their form. The tests were made 
at fixed trim angles over a wide range of possible load- 
ings and also free to trim at the design load. N.A.C.A. 
modal 35-B, a pointed-step hull that might he suitable for 
the same service, was tested free to trim with the same 
load and position of the center of gravity as used in the 
tests of the Mark V and Mark VI floats. 

The resistance of model 41-3 was greater than that of 
model 41-A either when free to trim or at the "best trim 
angle for each. The resistance of model 35-B was less 
than either of the other models at the hump speed, greater 
at intermediate planing speeds, and less at the speeds and 
loads near get-away, although the spray was generally 
worse owing to the absence of transverse flare. 

The results of the fixed-trim tests of model 41-A 
were cross-plotted to obtain data at the angle for zero 
trimming moment and at the best trim angle. These data 
are presented in no ndimens ional form for use in take-off 
calculations involving various float sizes and loadings. 

The trims assumed by models 41-A and 41-B, when test- 
ed free to trim, were found to be excessive at the hump 
speed. The corresponding trim of model 35-B was found to 
be approximately 3 lower because of the lower angle of 
afterbody keel used in this model, and the maximum hump 
resistance was 15 percent lower. A small hydrofoil fitted 
at the second step of model 41-A reduced the maximum trim 
about 2° and the maximum resistance 9 percent. 
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INTRODUCTION 



A combination of a conventional fuselage and a sepa- 
rate flotation system is widely used for small seaplanes. 
This arrangement provides sufficient water clearance for 
the wings and propeller without the departures from con- 
ventional landplane design found in small flying "boats and 
makes possible the ready conversion of landplanes into 
seaplanes, or vice versa. In the United States, commer- 
cial and private operators generally prefer to use twin 
floats, replacing the two wheels; the Navy appears to fa- 
vor the single float under the fuselage, with wing-tip 
floats providing lateral stability. 

Although the twin-float system is preferable in many 
cases in which such factors as ease of access, when the 
seaplane is moored out or alongside a floating dock:, and 
counteraction of engine torque are of prime importance, 
the single-float system has inherent advantages, particu- 
larly .when the seaplane must operate in rough water. The 
structure connecting the central float and the fuselage is 
lighter and stronger. In s ingl e- eng ine seaplanes the cen- 
tral position of the float affords more protection for the 
propeller. The single-float arrangement 'is obviously eas- 
ier to catapult and has been considered (reference l) to 
be more maneuverable on the water. Practice has shown 
that for the same service a single-float system may have a 
smaller total buoyancy and the floats a smaller length- 
beam ratio, resulting in a further saving in weight and 
air drag. 

In accordance with a request of the Bureau of Aeronau- 
tics, the investigation of possible improvements in the 
forms of single floats has been included in the research 
program of the Committee. As a part of this investigation, 
N.A.C.A. models 41-A and 41-B, representing respectively 
the Mark V and Mark VI floats developed by the Bureau of 
Aeronautics, Navy Department, and used successfully in 
service, have been tested in the N.A.C.A, tank to deter- 
mine their water performance. The results of these tests 
provide data for estimating the take-off performance of 
similar floats over a wide range of loadings and for com- 
parisons with future designs. 

Because the thrust moment of float seaplanes around 
the center of gravity is usually small, free-to-trim tank 
tests of float models are more truly indicative of perform- 
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ance at low speeds than similar tests of flying-boat hulls, 
which are subjected to high thrust moments. Free-to-trim 
tests showed that "both 41-A and 41-B models assumed exces- 
sive trims at low speeds, which resulted in high resist- 
ance and an undesirable flow over the afterdeck during 
take-of f . 

For the purpose of obtaining a lower trim angle at 
the hump speed, a small hydrofoil was fitted on model 41-A 
just abaft the second step and the model was tested free to 
trim with several small variations of the position of the 
hydrofoil. A comparison has also been made with the re- 
sults of free- to- trim tests of IT.A.C.A. model 35-B, which 
has a deep pointed step, zero angle of afterbody keel, and 
a relatively low angle of trim at the hump speed. 



DESCRIPTION OF FLOATS AND MODELS 



The afterbodies of models 41-A and 41-3 are identical. 
The essential differences in the forebodies are shown in 
figures 1 and 2. In model 41-B, the forebody keel and but- 
tock lines of the planing bottom rise more sharply, the bow 
is extended forward, and the plan form of the chine is 
slightly fuller. The sections at the step are almost the 
same in both models, model 41-B being slightly lower at the 
chine. Forward of the step, the bottom sections of model 
41-A consist of straight lines at the keel and circular 
arcs at the chine to give a transverse flare. The corre- 
sponding sections of model 41-B are finer, except at the 
bow, and consist of curved lines faired to a narrow hori- 
zontal flat at the chine. The sections above the chines 
are radii in both models. 



The hydrofoil placed at the second step of model 41-A 
in an attempt to improve the free-to-trim characteristics 
is shown in figure 3. Its dimensions are as follows: 



Cho rd , in 
Thickne ss 
Span, in. 
Dihedral , 
Section: 
Upper 
Lower 



, i n . 

deg . 

surface 
sur f ac e 



circular 
straight 



arc 
line 



Model 

3/4 
l/l6 
3-3/lb 
26.0 



Full size 

2-5/8 
7/32 
11-5/32 
26.0 
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The full-size dimensions and particulars of the floats correspond- 
ing to the models tested are as follows: 



N.A.C.A. model 


41-A 


41-B 


. 35-B 


Bur. Aero, float 
designa ti on 


Mark V 


Mark VI 




Length over-all 


22 ft. 2-3/4 in. 


23 ft. 2-1/8 in. 


22 ft. 4 in. 


Beam 


3 ft. 6 in. 


3 ft. 6 in. 


3 ft. 7-1/2 in. 


Depth 


3 ft. 0 in. 


3 ft. 0 in. 




Dead-rise angle, 
at keel 


26° 


26° 


25° 


Dead-rise angle, 
including flare 


22-1/2° 


21-1/2° 


no flare 


Cent er- of -gravity 
location, above 
keel 


7 ft. 1-31/64 in. 


7 ft. 1-31/64 in. 


7 ft. 1-31/64 in. 


Cent er-of -gravity 
location, for- 
ward of step 


1 ft. 6-5/8 in. 


1 ft. 6-5/8 in. 


3 ft. 5-5/16 in. 


Submerged dis- 
placement (sea. 
water, 64 lb./ 
cu.f t . ) 


7,050 Id. 


7,300 lb. 




Design load 


3,600 ID. 


3,800 lb. 


3,800 Id. 


Design get-away 
speed 


89.5 f.p.s. 


89 . 5 f.p.s. 


89.5 f.p.s. 


| 

Trim at rest 


3° 30' 


2° 56' 


5° 48' 


Linear ratio, 
full size to 
model 


3.50 


3.50 


3.35 
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Hodel 35-B is one of a series of pointed-step hulls 
having high length- "beam ratios and large angles of dead 
rise developed "by the Committee for use with flying "boats. 
It was used in the present tests to obtain an indication 
of the application of the pointed-step form to the design 
of single" float s . Its form is shown in figure 4 and a 
general test of it is described in reference 2. 

The scale for the enlargement of model 35-B to full 
size was chosen to make the model represent a full-size 
float of approximately the same size and structural weight 
as the Navy floats. The full-scale height of the center 
of gravity above the keel was also made the same. The 
longitudinal position of the center of gravity was about 
the optimum for free trim at low speeds found by prelimi- 
'nary runs in the tank. The resulting trim at rest is high 
because the form was not designed for the high position of 
the center of gravity found in floats. 

The three models were made of mahogany and smoothly 
finished in the usual manner with grey pigmented varnish. 
The offsets from which model 41-A was constructed are 
given in table I and those of model 35-B are given in ref- 
erence 2. In view of the inferiority of model 41-B, its 
offsets have been omitted. 

APPARATUS AND PROCEDURE 



The N.A.C.A. tank is described in detail in reference 

3. This tank is particularly suitable for testing large- 
scale models of seaplane floats because of the high speed 
of the towing carriage. 

The towing gear, shown diagrammat ically in reference 

4, consists of a rigid frame suspended by steel tapes fore 
and aft and free to move vertically. The model is attached 
at a pivot point corresponding to the center of gravity of 
the complete seaplane and may be set free to pivot about 
this point or be locked to measure trimming moments at any 
desired angle. The load on the model is adjusted by coun- 
terweighting the suspension or by applying lift from a hy- 
drofoil device running in the water at some distance from 
the model. The linkage transmitting the resistance force 
to the dynamometer is so arranged that the reading is un- 
affected by the vertical position of the frame. 
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General__t_e st s Models 41-A and 41-3 were" tested "by 
the general method at several fixed trim angles to deter- 
mine their resistance and trimming moments over all load- 
ings thought to he applicable. For these models the range 
of trim angle was extended to include not only the "best 
trim angle for each speed and load hut also the angle for 
zero trimming' moment at the lower speeds. 

The net resistance and trimming moments obtained from 
the general tests were cross-plotted against trim angle 
for a large number of selected speeds. From these cross 
plots minimum resistance, best trim angle (trim angle cor- 
responding to minimum resistance), trimming moment at best 
angle, angle for zero trimming moment, and resistance at 
zero trimming moment were obtained for each load and speed. 

With the carriage at rest the static trimming moments 
and drafts were obtained over a range of loadings corre- 
sponding to that used in the tests. For wide departures 
from the design load, however j the upper part of the 
floats would be altered to maintain the proper surplus 
buoyancy . 

F r e e~ t o~ trim t e s 1 3 ♦ - Force measurements were made with 
the models free to trim at constant speed up to 60 percent 
of the get-away speed and accelerated runs were made over 
the entire speed range to observe general behavior and 
stability. In these tests, the models were counterbal- 
anced so that their centers of gravity coincided with the 
pivot point. During the runs the load was automatically 
adjusted by the hydrofoil device to correspond to the de- 
signed load and get-away speed with constant angle of at- ' 
tack of the wings. Frequent photographs were made during 
runs at constant speed and the behavior during accelerated 
runs was recorded by a motion-picture camera. 

During the test of model 41-A the tail hydrofoil 
shown in figure 3 was attached and its effects on resist- 
ance, trim, and flow were found for several angles of at- 
tack and for two vertical positions of the hydrofoil. 



RESULTS A1TD DISCUSSION 
Oeneral Tests 



Q.Li.£L^§il _^.t_a • - The resistance and trimming moment 
for model 41-A at all speeds, loads, and trim angles thought 
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to apply are plotted against speed in figures 5 to 11. In 
these figures the trim angle . t is the inclination of the 
model "base line to the horizontal. The resistance in- 
cludes the air drag of the no del. The trimming moments 
are referred to the center of gravity shown in figure 1 
and include any aerodynamic moment on the float. Moments 
tending to raise the how are considered positive. 

A comparison of the original data of models 41-A and 
41-3 shows the latter model to have greater resistance at 
practically all loads, speeds, and trim angles. The dif- 
ferences in maximum trimming moment at the hump are small. 
Because of the extensive duplication of data involved, the 
original and derived data from the tests of model 41-B 
have been omitted. 

The discontinuities in the resistance curves indicate 
the points in the speed range where the water "breaks clean- 
ly from the chines and steps and the model "begins to plane. 
The transition is more marked at low trim angles and the 
speed at which it occurs increases with increase in load. 

The drafts plotted in figure 12 for various angles of 
trim are the distances from the free-water surface to the 
keel at the main step. These curves define the vertical 
position of the model tnroughout the speed and load range 
tested. They appear to he of minor importance, however, 
"because at present there seems to he no practical applica- 
tion of them and the actual contour of the water around 
the model varies considerably from that corresponding to 
the free-water surface. 

D eriv ed data.r The characteristics at the trim angle 
for zero trimming moment and at the best trim angle ob- 
tained from cross plots of figures 5 to 11 are plotted in 
figures 13 to 15 in a convenient form for use in take-off 
calculations. The coefficients are nondimens ional and are 
based on Fronde' s law of similitude. They are defined as 
follows: 



Speed coefficient, Cy 



V 



Resistance coefficient, 



C 



R 



JL 
wd 3 



Load coefficient, — 



A 



w V 



T rimming- moment coefficient , 
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where 



V 



is sp e ed , 'f .p . s . 



resistance, l"b. 



load, lb. 



trimming moment, l"b. -ft. 



b, 



maximum "beam of float, ft. 




Any consistent system of units may he employed in place of 
•those given. The water in the 1T.A.C.A. tank had a specif- 
ic weight of 53.5 during these tests. 

The application of the data at "best trim angle to cal- 
culate total resistance for the best take-off is as fol- 
lows: A series of speeds are chosen corresponding to the 
Cy parameters in figure 14 and to the assumed size (beam) 

of the float. The seaplane is assumed, to he at the angle 
for minimum water resistance throughout the run and an ap- 
proximate value of this "best trim angle is read from fig- 
ure 15 for each value of Cy. The angle of attack of the 
wing is then the sum of this angle and the angle of wing 
setting; the lift coefficient is obtained from curves of 
the aerodynamic characteristics of the seaplane modified 
to include the "ground effect" caused by the proximity of 
the water. The air drag of the float should be deducted 
as it is included in C^. Prom the calculated wing lif t f 

the load on the water and CA are found. With this value 
of CA> & more accurate value of the best trim angle can 

be read from figure 15 and the procedure repeated. The 
value of Oa from the second approximation is usually suf- 
ficiently accurate for use in obtaining the corresponding 
Cr from figure 14. From C R and the drag coefficient 
excluding the hull the total resistance is then calculated. 
The trimming moment at best trim angle is obtained from 
figure 15. 

For the calculation of total resistance at zero trim- 
ming moment the trim angle and are read from figure 
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13 in place of the data at test trim angle. The original 
data of figures 5 to 11 may he used to obtain performance 
at any constant trim angle, say 5° or 7°. 

The curve of trimming moments at rest against trim 
angle may he obtained from figure 16 for any displacement 
within the load range tested. This curve may be corrected 
for other positions of the center of gravity. The trim at 
rest, which is the trim giving zero trimming moment, and 
the draft at the main step, from the lower curves of fig- 
ure 16, define the position of the load water line. 

C o mp a r i s o n _o_f _r e a i s ^an c e _a t___h e_s t_ trim _a n&l_e . - The re- 
sistances of models 41-A, 41-B, and 35-B at best trim an- 
gle and for various loads and speeds are compared in fig- 
ure 17. (The curves for model 35-B are taken from refer- 
ence 2.) It is seen that the differences in resistance 
coefficient between models 41-A and 41-B are negligible at 
very low speeds as well as at high speeds and light loads, 
where the wetted portions of the forebodies are practical- 
ly the same. At the hump speed the resistance coefficient 
of model 41-1 is from 4 to 6 percent higher than that of 
model 41-A. The general superiority of model 41-A is at- 
tributed to the fact that the forebody keel and buttock 
lines in way of the planing bottom are generally lower 
than those of model 41-B, as indicated in figure 1. 

The hump resistance of model 35-3 is less than that 
of the other models and occurs at a slightly lower speed 
coefficient. The resistance coefficient at lower planing 
speeds is slightly greater. At the light loads near get- 
away speeds, however, it is markedly smaller, presumably 
because of the increased afterbody clearance obtained in 
this form, 

Free-t o-Tr im Tests 



Comparison of forms, tested.- The free-to-trim charac- 
teristics of the models at the designed load are shown in 
figure 18 * In this figure the test results have been con- 
verted to the corresponding full-scale values to make them 
directly comparable. The rise is the vertical distance of 
the center of gravity above its position at rest* 

Here again, the resistance of model 41-B is greater 
than that of model 41-A, the increase at the hump speed 
being about 6 percent. The maximum free-to-trim angle of 
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moclol 41-A is about 5° higher than its corresponding "best 
trim an^le from figure 15, The hump resistance of model 
35-3 is approximately 15 percent less than that of model 
41-A principally because the free-trim angle given "by the 
pointed-step form with low angle of afterbody keel is near- 
er to the "best trim angle. 

Effect of tail hydrof .oil V~ The effect of the tail hy- 
drofoil at the second step in reducing the excessive free- 
trim angle of model 41-A is shown in figure 19. As the 
angle of attach of the hydrofoil is increased, the trim 
and resistance at the hump speed are decreased "but just 
"before the discontinuity where planing begins the resist- 
ance is increased. Hence, from the standpoint of resist- 
ance, the best hydrofoil setting appeared to be about 16° 
up from the model base line. Increasing the vertical dis- 
tance below the float produced no further improvement. 
Proa the curves it is concluded that a hydrofoil of the 
size tested will reduce the maximum trim about 2° and the 
hump resistance about 9 percent. 

General behavior and spray.- During run s at const ant 
speed, the afterdecks of models 41-A and 41-B were immersed 
at speeds slightly below the point where the chines became 
dry. The flow over the rounded decks during this condi- 
tion gave rise to an undesirable yawing and skidding tend- 
ency that persisted, however, over only a very narrow 
range of speed and was only slightly apparent during accel- 
erated runs. At constant speed, the reduction in trim 
given by the tail hydrofoil was not sufficient to correct 
this condition. It is not believed to be serious, how- 
ever, as no mention of it was made in the reports of serv- 
ice trials of seaplanes fitted with the Mark V floats. 
The afterdeck of model 35-B remained dry at low speeds 
and it is believed that because of the lower free-trim an- 
gle it would not be submerged even if rounded like that of 
models 41-A and 41-B. 

A very high roach , which would wet tail siirfaces in 
the usual position, formed aft cf all the models just be- 
fore the hump speed. In the accelerated runs, this column 
of water appeared, reached its maximum, -and disappeared in 
a very short time but nevertheless was clearly present. 

'.'oclel 35-B was direct ionally unstable at the speed 
just before its chines became dry, a characteristic of 
this model that was noted in reference 2. The tendency to 
swerve was more pronounced during accelerated runs than 
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the similar tendency caused "by the flow over the after- 
decks of models 41-A and 41-1* This tendency has "been 
partly controlled by spray strips and it is "believed that 
a transverse flare incorporated in this form will reduce 
the magnitude of the side force by mailing the curved sides 
of the pointed step run dry earlier and that the tendency 
would he almost unnoticed in practice "because of the very 
narrow speed range over which it acts. 

It was quite evident during the tests that transverse 
flare at the chine is very desirable for floats. At the 
lower speeds there is, of course, a large amount of spray 
from the forebodies because of the heavy loading compared 
with the beam and over-all size of the floats. This spray 
was groat est in the case of model 35-B, principally because 
of the absence of transverse flare in its sections over the 
planing bottom. At high speeds, the spray rapidly thinned 
and all the models ran cleanly in the smooth-water condi- 
tions reproduced in the tank. 

Photographs of the spray from model 41-A , with and 
without the tail vane, model 41-2 , and model 35-B are 
shown in figures 20 to 22. The "Low -pictures show very lit- 
tle difference between models 41-A and 41-3 but indicate 
that the rediicMoi] in trim effected by the tail hydrofoil 
might reduce the height of the spray slightly, When the 
difference in scale of the models is taken into account, 
model 35-B appears definitely worse as tested, but it is 
believed that transverse flare would effect a considerable 
improvement in its spray characteristics. The stern pic- 
tures show the roach formed aft of the models but the com- 
parisons are complicated by the fact that it forms at 
slightly different speeds for each model. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., March 2, 1936. 
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TABLE I 



Offsets for 1T.A.C.A. Model 41-A Single Float (inches) 



Sta- 
t ion 



jis- 
t a nee 
from 
?.P . 



Distance from "base line Half- "breadths 



Keel | Chine 

I 



Deck 



Tan- 
gent 

of 
flare 



B n i n e 



-4- 



Tan- 
gent 

of 
flare 



Radius 
of 
flare 



0,00 

1-.00 
2.13 

5.50 
10 .00 
14.46 
19.0 3 
23. 52 
2C.00 
32. 50 
3 7.00 
42. G8 
42 . 68 
46.00 
53. 68 
61. 36 
69 .04 
71.75 
71.75 
74.2 9 
76.21 



2.43 
5.72 I 
7 . 0 6 j 
7.86 j 
8.79 : 
9 . 68 | 
10.00 
10,16 
10 .25 ; 

10 -a 29 ! 



V 

110.29 
! 9.36 



A 



5.90 ! 
5. 73 
4.88 

1 

3.93 i 



2.43 
2.79 
3.25 
3. 63 
4.29 
5. 32 
6.14 
6.74 
7.15 



40 
55 
68 
81 
5.44 
6.04 
5.3 5 
4.9 3 
4.7? 
4.91 
4.06 
3.85 
3.93 



,2.43 
1.50 

1 1.00 
.74 
.47 
.22 
. 11 
.03 
.00 

A 



± 



3.75 
4.43 
4.8 6 
5.57 

6. 54 
7.14 

7. 61 
7.91 
8.13 
8.27 
8.36 

! 8.43 



V 

.00 
.02 
.15 
.54 
.72 

j 

. 97 



Tangent 
to T.F. 

2.46 
j 3.36 
! 3.93 
j 4.S4 
5 .32 
5. 61 
5.78 
5.88 
5.93 
5. 98 
5. 99 
6.00 

5.90 
5.25 
4.05 
2.39 
1.68 

1.00 



T 



1.13 
1.72 
2.0 6 
2.57 
3.15 
3.43 
3. 61 
3.73 
3 .80 
3.84 
3.8 6 
3.85 



1.92 
2.78 
2.98 
3.65 
4.71 
4. 62 
5.16 
5.59 
6.02 
7.29 
7.34 
6.97 
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Figs. 1,2,4 
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Figs. 5,6 
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A~ 8 12 16 20 24 28 3 2 3 6 40 44 48 52 56 

Speed, f.p.s. 

Figure 6 -Model 41-A. Resistance and trimming moment, t - 5° 
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Figs. 7 ; 8 
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Figure 9-Model 4hA. Resistance and 
trimming moment. t = 11° 



Speed, f.p.s. 

Figure 10-Model 41-A. Resistance Figure ll.-Model 41-A. Res. 
and trimming moment. t = 13° and trim, moment. t-15° 
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Figure 12. -Model 41 -A. Drafts at main step. 
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Figure 13. -Model 41-A. Chart for determination of resistance and trim angle at 
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Figure 14.- Model 41-A. Chart for determination of resistance at best trim angle. 
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Figure 15.- Model 41-A. Chart for determination of Figure 16.- Model 41-A. Chart for determination 
best trim angle and trimming moment at of trimming moments and drafts 

best trim angle. at rest. 
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Model 41 -A; V=13.8 f.p.s.; r = 12.5° 




Model 41 - B; V=13.6 f.p.s.j Tsl2.8° 




Model 35- B; Ts 14.0 f.p.s.; Ts9.8° 
Figure 20.- Photographs of spray with models free-to-trim. 
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Model 41 -A; Vs 15.5 f.p.s.; T=13.7° 




Model 41 -A with hydrofoil; Vs 14.9 f.p.s. ; T = 11.2° 




Model 35- B; V=15.2 f.p.s.; T=10.3° 
Figure 21.- Photographs of spray with models free- to- trim. 
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Model 41 -A; V=17.6 f.p.s.; r= 13.2° 




Model 41- A with hydrofoil; V= 17.7 f.p.s. ; f=11.7° 




Model 35- B; V= 17.4 f.p.s. ; <r=10.8° 



Fienre 22.- Photographs of spray with models free-to-trim. 



